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(57) ABSTRACT

Methods, systems, and apparatus, including computer pro-
grams encoded on a computer storage medium, for data pro-
cessing in a digital subscriber line environment are provided.
In one aspect a method includes (i) determining a deteriora-
tion of a connection between a centralized unit and a decen-
tralized unit during an initialization ofthe connection; and (ii)
disabling the connection based on the deterioration.
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1
DATA PROCESSING IN A DIGITAL
SUBSCRIBER LINE ENVIRONMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. §119
(a) of European Patent Application No. 13183141 .4, entitled
“Data processing in a digital subscriber line environment,”
filed Sep. 5, 2013, which is incorporated herein by reference
in its entirety.

BACKGROUND

This document relates to data processing in a digital sub-
scriber line environment.

DSL or xDSL is a family of technologies that provide
digital data transmission over the wires of a local telephone
network.

Requirements for high speed Internet access are increas-
ing. Operators are optimizing services that are offered to their
customers. This becomes a difficult task as an increasing
amount of users as well as high data rates leads to higher
crosstalk between subscriber lines in a cable binder. In most
cases, crosstalk noise limits the performance. However, the
actual problem is that crosstalk noise varies over time: There
may be low crosstalk noise when a significant amount of
customers switched off their equipment and there may be a
considerable amount of crosstalk noise during business hours
when the majority of customers use their devices.

SUMMARY

In general, one innovative aspect of the subject matter
described in this specification can be embodied in methods
that include the actions of determining a deterioration of a
connection between a centralized unit and a decentralized
unit during an initialization of the connection; disabling the
connection based on the deterioration. Other embodiments of
this aspect include corresponding systems, apparatus, and
computer programs, configured to perform the actions of the
methods, encoded on computer storage devices.

These and other embodiments can each optionally include
one or more of the following features. The connection
between the centralized unit and the decentralized unit can be
part of a vectoring group.

Methods can include the actions of determining the dete-
rioration of the connection based on an information about an
attenuation in particular with regard to a frequency band.
Methods can include the actions of determining the deterio-
ration of the connection based on an information about an
attenuation in particular with regard to a low frequency band
in case such deterioration reaches and/or exceeds a predeter-
mined threshold.

The information about the attenuation can be provided by
at least one of the following parameters: a line attenuation per
band; a signal attenuation per band; an estimated upstream
power back-off electrical length.

Methods can include the actions of determining the dete-
rioration of the connection by comparing a value of the line
attenuation per band with an electrical length value and/or by
comparing the attenuations of two bands. Methods can
include the actions of determining the deterioration of the
connection in case the following first criterion is fulfilled:
LATN(US0)>UPBOKLE(VTUO)*X ,+X,, where LATN
(USO0) is a line attenuation for the first upstream band USO;
UPBOKLE(VTUO) is an estimated upstream power back-off
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electrical length value measured by a VDSL Transceiver Unit
at the Optical Network Unit (VIU-O); X , is a tuning param-
eter to modify the threshold of the detection; and X, repre-
sents a factor between two attenuations.

Methods can include the actions of determining the dete-
rioration of the connection based on a testing functionality, in
particular a loop testing functionality. Testing functionality
can include a line testing functionality determining at least
one capacitance value for the connection.

Methods can include the actions of determining the dete-
rioration of the connection in case the following second cri-
terion is fulfilled: C_,<X; *max(C,,, C,.)+X, where C,, is a
capacitance between a wire a and a wire b of the connection;
X, is a cable-dependent factor; C,, is a capacitance between
the wire a and earth; C,_ is a capacitance between the wire b
and earth.

Methods can include the actions of determining the dete-
rioration of the connection in case the following second cri-
terion is fulfilled: C,,<X,*max(C,,, C,.)*max(C,,, C,.)/
min(C,,, C, )+X, where C_, is a capacitance between a wire
a and a wire b of the connection; X, is a cable-dependent
factor; C,, is a capacitance between the wire a and earth; C,,
is a capacitance between the wire b and earth; X is an
optional tuning parameter to modify the sensitivity of the
detection.

Methods can include the actions of determining the dete-
rioration of the connection based on the information about the
attenuation and based on a line testing functionality; and
determining at least one capacitance of the connection by
comparing a weighted sum with a predetermined threshold as
follows: w_*(LATN(US0)-UPBOKLE(VTUO)*X ,'+X )+
w (X *max(C,,, C,)+X-~C,,)>T, and/or w, *(LATN
(US0)-UPBOKLE(VTUO)*X ,'+X ,)+w _*(X, *max(C,,,
C,.)*max(C,,, C, )Ymin(C,,, C, +X - ~C,,)>T, where w, is
a weighting factor for the attenuation-based criterion; w_ is a
weighting factor for the capacitance-based criterion; T is the
predetermined threshold; LATN(USO) is a line attenuation
for the first upstream band USO; UPBOKLE(VTUO) is an
estimated upstream power back-off electrical length value
measured by a VDSL Transceiver Unit at the Optical Network
Unit (VIU-O); X' is a tuning parameter to modify the
threshold of the detection; X' represents a factor between
two attenuations; C,, a capacitance between a wire a and a
wire b of the connection; X, a cable-dependent factor; C,_ a
capacitance between the wire a and earth; C,_ a capacitance
between the wire b and earth; X . is an optional tuning param-
eter to modify the sensitivity of the detection.

Methods can include the actions of determining the dete-
rioration via a first criterion and a second criterion, wherein
the first criterion is determined based on a parameter available
during initialization and wherein the second criterion is deter-
mined if the first criterion is fulfilled; and disabling the con-
nection in case the first criterion and the second criterion are
fulfilled. The first criterion can be based on an attenuation
provided by at least one of the following parameters: a line
attenuation per band; a signal attenuation per band; an esti-
mated upstream power back-off electrical length. The second
criterion can be based on a loop testing functionality, in
particular a line testing functionality determining at least one
capacitance value for the connection, wherein the loop testing
functionality is initiated by the centralized unit.

Disabling the connection can include shutting down the
connection and/or locking the connection. Disabling the con-
nection can include entering a fallback mode for the connec-
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tion, in particular with regard to a predefined frequency range
and/or a predefined power spectral density.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram visualizing vector pro-
cessing in downstream direction.

FIG. 2 shows a schematic diagram visualizing vector pro-
cessing in upstream direction.

FIG. 3 depicts a vectoring system comprising a vectoring
digital subscriber line access multiplexer (DSLAM) with two
modems.

FIG. 4 shows a diagram illustrating several capacitances
that may be subject to a Metallic Line Testing (MELT) capaci-
tance measurement.

FIG. 5 shows a flow chart of steps for determining a dete-
rioration of a connection.

DETAILED DESCRIPTION

High speed internet access is gaining importance and is
often realized via VDSL2 ((G.993.2) services using existing
copper lines. Internet access and an increasing amount of
applications each require broadband transmission services. In
a so-called triple play offer a subscriber may utilize a single
access service for Internet, TV and voice data transmission. In
such scenario, TV via DSL consumes a significant amount of
bandwidth, e.g., 12 Mbit/s for an HDTV channel.

Hence, requirements for high speed Internet access are
getting more demanding leading to data rates of 100 Mbit/s
and beyond. A reach of such high data rate services may still
be limited to rather short distances, because of signal attenu-
ation on the line and because of unwanted crosstalk of signals
between lines. These detrimental effects can at least partially
be reduced by compensating a far-end self-crosstalk. Such a
technique is called vectoring and specified by ITU-T in
G.993.5.

A digital subscriber line access multiplexer (DSLAM) may
be realized as a component that aggregates a large number of
subscribers. The DSLAM may therefore comprise several
modems, wherein each modem is connected via a line to one
decentralized component, e.g., a customer premises equip-
ment (CPE). Hence, in downlink direction, the DSLAM is
connected via several lines to several CPEs. In uplink direc-
tion, the DSLAM may be connected to a frame relay or an
asynchronous transfer mode (ATM) backbone network, e.g.,
a switch or a router. The modems that are connected via a line
are initialized and after successful initialization may enter a
Showtime state. According to ITU-T, Showtime is a state of
either the VI'U-O or VTU-R that is reached after the initial-
ization procedure has been completed in which bearer chan-
nel data are transmitted.

FIG. 1 shows a schematic diagram visualizing vector pro-
cessing in downstream direction, i.e. from a vectoring
DSLAM 101 towards CPEs 102, 103. In the example of FIG.
1, data is sent from the DSLAM 101 to the CPE 102 via a line
104 and to a CPE 103 via a line 105. The data transmitted via
the line 105 disturbs (as far-end crosstalk, FEXT 108) the data
transmitted via the line 104 and is thus weighted with a
channel-dependent coefficient 106 and subtracted from the
signal to be sent across the line 104 (also referred to as
pre-coding). A feedback information 107 from the CPE 102
to the DSLAM 101 is used to adjust the channel dependent
coefficient P(H). The feedback information 107 may be based
on an error vector.

FIG. 2 shows a schematic diagram visualizing vector pro-
cessing in upstream direction, i.e. from the CPE 102 to the
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DSLAM 101. Here, the signal from the disturber line 105 is
weighted with a channel dependent coefficient C(H) 202 and
subtracted from the signal received via the line 104 at the
DSLAM. This allows for at least partially compensating the
far-end crosstalk FEXT 201 from the CPE 103 before
demodulating the received signal.

Such processing (even for more than the two lines shown)
can be provided by a centralized or distributed vectoring
engine in real-time using complex matrix operations involv-
ing the signals of all lines to be processed. All lines that are
considered in the crosstalk compensation and are processed
together form the vectoring group.

Vectoring enables data transmission at high data rates by
compensation of self-crosstalk. Cancellation of crosstalk
increases the effective signal-to-noise ratio so that more infor-
mation can be transmitted on the individual subcarriers. How-
ever, this results in the system being more vulnerable to noise
that cannot be compensated. Such noise may be based on,
e.g., alien crosstalk, legacy VDSL2 systems in the same cable
binder, RFI ingress, impulse noise, etc. Dueto the low level of
residual noise, a single additional VDSL2 signal which is not
part of the vectoring group can deteriorate the signal-to-noise
ratio severely so that data transmission is no longer feasible
and the line needs to re-initialize.

Similar effects can occur in case crosstalk coupling
between lines or signal levels suddenly change, e.g., in case a
single wire (also referred to as “line”) of a vectoring system is
interrupted.

FIG. 3 depicts a vectoring system comprising a vectoring
DSLAM 301 with two modems 303, 304, wherein the modem
303 is connected to a modem 305 of a CPE 302. The connec-
tion between the modem 303 and the modem 305 comprises
two wires, wherein one of the wires is interrupted (see refer-
ence 307). The modems 303 to 305 may be VDSL2 modems.

The connections of the DSLAM 301 to the CPE 302 and to
other CPEs (not shown in FIG. 3) may establish a vectored
group. FIG. 3 also shows two wires of another connection 306
that may or may not part of the vectored group.

Itis assumed that all modems are in Showtime state and are
performing vectoring. Next, one of the wires of a connection
between the modems 303 and 305 experiences an interruption
due to, e.g., a real break, corroding or intermittent contacts in
a socket, etc. This results in a sudden loss of signal level and
a transmission to this CPE 302 is no longer feasible. The
modem 303 in the DSLAM 301 and the modem 305 in the
CPE 302 will then shut down the transmission.

An interruption of a single wire does not mean that the
electrical signal between the two modems 303 and 305 is
completely off. Usually, multiple wire pairs are running in
parallel, e.g., loops belonging to other customers or just spare
pairs (see connection 306). In most cases even home wiring
uses two cable pairs with only a single pair being actually
used. Wire pairs running in parallel provide capacitive cou-
pling effects that cause crosstalk between such lines. For the
interrupted wire these couplings have the same effect as a
small capacitor 308 that bridges the interruption 307. Hence,
high-frequency signals can pass between the two modems
303 and 305 with an additional attenuation. As a DC signal is
not required for DSL. communication the interrupted connec-
tion (line) may re-initialize even with a single wire being
interrupted. During such initialization the system will adapt
to the new channel characteristic and the highly attenuated
signal at lower frequencies. As a consequence, the line may
reach Showtime state and re-enter the vectoring group.
Crosstalk between the lines has significantly changed due to
this single wire interruption, but the vectoring system adapted
to these changes when the defective connection joined the
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vectoring group. Eventually, the communication may con-
tinue even with this interruption 307, wherein crosstalk of the
vectoring group is compensated as described above.

In case the interrupted wire is reconnected again (e.g. due
to an intermittent contact) the loop attenuation of the affected
line suddenly decreases. As the signal-to-noise ratio of the
connection between the model 303 and the modem 305 is not
degraded severely, the transmission between these modems
303 and 305 continues without errors. However, the other
lines of the vectoring group will experience a sudden increase
of crosstalk that cannot be compensated. On the one hand, the
signal level of the crosstalk may increase. On the other hand,
the reconnection of the interruption 307 may have a signifi-
cant impact on the crosstalk coupling between the lines. The
adaptation of the system is usually not fast enough to prevent
the other lines of the vectoring group from losing connectiv-
ity. Hence, a sudden increase of crosstalk that cannot be
compensated may result in a loss of Showtime state for many
if not all (other) lines of a vectoring group.

Such re-connection of a single line may result in an inter-
ruption of DSL connectivity for several lines of a vectoring
group. Hence, deliberately interrupting and re-connecting a
single line of a subscriber which is part of the vectoring group
may sabotage the connections of the other subscribers of the
vectoring group and thus affect the operation and user accep-
tance of the whole vectoring approach.

One example problem to be solved is to overcome the
disadvantages stated above and in particular to provide a
favorable and stable solution for vectoring groups in case one
subscriber of such group experiences a line failure.

This problem can be solved according to the features of the
claims. For example, a method for data processing in a digital
subscriber line environment is suggested, the method includ-
ing the steps: determining a deterioration of a connection
between a centralized unit and a decentralized unit during an
initialization of the connection; and disabling the connection
based on the deterioration.

The centralized unit may be any entity comprising at least
one modem, in particular several modems, to be connected to
a modem of the decentralized unit. The centralized unit may
be a DSLAM or a central office (CO). The decentralized unit
may be a customer premises equipment (CPE).

Disabling the connection may include a temporary or per-
manent shut down, entering a fallback mode, locking the
connection in a predetermined state, limiting the features of
the connection or the like.

Embodiments described herein may be understood as
examples and/or implementations.

In some implementations, the connection between the cen-
tralized unit and the decentralized unit is part of a vectoring
group.

The centralized unit may in particular control at least one
such vectoring group. The vectoring group may be based on
VDSL2 (ITU-T G993.2 and G993.5).

In some implementations, methods for data processing in a
digital subscriber line environment can include determining
the deterioration of the connection based on an information
about an attenuation in particular with regard to a frequency
band.

Hence, the deterioration of the connection can be deter-
mined (at least in part) based on an attenuation, wherein the
attenuation may relate to a particular frequency band or
range.

In some implementations, methods for data processing in a
digital subscriber line environment can include determining
the deterioration of the connection based on an information
about an attenuation in particular with regard to a low fre-
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6

quency band in case such deterioration reaches and/or
exceeds a predetermined threshold. For example, if the
threshold is reached or exceeded, the deterioration may (at
least in part) be determined.

In some implementations, the information about the
attenuation is provided by at least one of the following param-
eters: a line attenuation per band; a signal attenuation per
band; or an estimated upstream power back-off electrical
length. Any of these parameters may be derived from an
attenuation measurement, in particular determined by an
attenuation per tone measurement. The parameters are advan-
tageously parameters that are available during initialization
of'the connection. Preferably, obtaining such parameters does
not require time-consuming and/or complex measurements.

Methods for data processing in a digital subscriber line
environment can also include determining the deterioration of
the connection by comparing a value of the line attenuation
per band with an electrical length value and/or by comparing
the attenuations of two bands. In some implementations, the
determination of the deterioration of the connection is per-
formed in case the following first criterion is fulfilled:

LATN(US0)>UPBOKLE(VTUO)*X X,

wherein

LATN(USO) is a line attenuation for the first upstream band
USso;

UPBOKLE(VTUO) is an estimated upstream power back-
off electrical length value measured by a VDSL Trans-
ceiver Unit at the Optical Network Unit (VTU-O);

X, is a tuning parameter to modify the threshold of the
detection; and

X, represents a factor between two attenuations (repre-
senting a difference in attenuation between the consid-
ered frequency ranges).

In some implementations, methods for data processing in a
digital subscriber line environment can include determining
the deterioration of the connection based on a testing func-
tionality, in particular a loop testing functionality. The testing
functionality can include a line testing functionality deter-
mining at least one capacitance value for the connection.

Methods for data processing in a digital subscriber line
environment can include determining the deterioration of the
connection in case the following second criterion is fulfilled:

Cap<Xp*max(Cy,, Cpo)+X e,

wherein

C,, 1s a capacitance between a wire a and a wire b of the

connection;

X; is a cable-dependent factor;

C,. is a capacitance between the wire a and earth;

C,. is a capacitance between the wire b and earth.

In some implementations methods for data processing in a
digital subscriber line environment can include determining
the deterioration of the connection in case the following sec-
ond criterion is fulfilled:

Cp<Xp*max(C,,, Cp,)*max(C,,, Cp.)min(C,,, Cp.)+
XC
wherein
C,, 1s a capacitance between a wire a and a wire b of the
connection;
X, is a cable-dependent factor;
C,. is a capacitance between the wire a and earth;
C,. is a capacitance between the wire b and earth;
X ~is an optional tuning parameter to modify the sensitivity
of the detection.
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Methods for data processing in a digital subscriber line
environment can include determining the deterioration of the
connection based on the information about the attenuation
and based on a line testing functionality determining at least
one capacitance of the connection by comparing a weighted
sum with a predetermined threshold as follows:

w,*(LATN(US0)-UPBOKLE(VTUOY* Xp+.X ) ++
wH (X *max(Cop Cpe )t X~ Cop)> T,

and/or

w,*(LATN(US0)-UPBOKLE(VTUOY X, +.X /) ++
w (X, *max(C,,, C,,)*max(C,,,C,.)/min(C,,,
Cpet X ~Cop)> T,

wherein

w , 1s a weighting factor for the attenuation-based criterion;

w . is a weighting factor for the capacitance-based criterion;

T is the predetermined threshold;

LATN(USO) is a line attenuation for the first upstream band
US0;

UPBOKLE(VTUO) is an estimated upstream power back-
off electrical length value measured by a VDSL Trans-
ceiver Unit at the Optical Network Unit (VTU-O);

X, is a tuning parameter to modify the threshold of the
detection;

X, represents a factor between two attenuations (repre-
senting a difference in attenuation between the consid-
ered frequency ranges);

C,, a capacitance between a wire a and a wire b of the
connection;

X, a cable-dependent factor;

C,. a capacitance between the wire a and earth;

C,, a capacitance between the wire b and earth;

X ~is an optional tuning parameter to modify the sensitivity
of the detection.

In some implementations, methods for data processing in a
digital subscriber line environment can include determining
the deterioration via a first criterion and a second criterion,
where the first criterion is determined based on a parameter
available during initialization and where the second criterion
is determined if the first criterion is fulfilled. The methods can
also include disabling the connection in case the first criterion
and the second criterion are fulfilled.

The first criterion can be based on an attenuation provided
by at least one of the following parameters: a line attenuation
per band; a signal attenuation per band; or an estimated
upstream power back-oft electrical length. The second crite-
rion can be based on a loop testing functionality, in particular
a line testing functionality determining at least one capaci-
tance value for the connection, where the loop testing func-
tionality is initiated by the centralized unit.

In some implementations, disabling the connection
includes shutting down the connection and/or locking the
connection. Disabling the connection may alternatively, or
additionally, include entering a fallback mode for the connec-
tion, in particular with regard to a predefined frequency range
and/or a predefined power spectral density.

A device for data processing in a digital subscriber line
environment can include a processing unit that is arranged for
determining a deterioration of a connection between the
device and a decentralized unit during an initialization of the
connection, and for disabling the connection based on the
deterioration. The device can be a DSLAM or a central office,
where the DSLAM may be deployed at a central office or at a
cabinet.

It is noted that the steps of the method stated herein may be
executable on this processing unit or device as well. It is
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further noted that said processing unit can comprise at least
one, in particular several means that are arranged to execute
the steps of the method described herein. The means may be
logically or physically separated; in particular several logi-
cally separate means could be combined in at least one physi-
cal unit. The processing unit may comprise at least one of the
following: a processor, a microcontroller, a hard-wired cir-
cuit, an ASIC, an FPGA, a logic device.

A computer program product directly loadable into a
memory of a digital computer, can include software code
portions for performing the steps of the method as described
herein. A computer-readable medium, e.g., storage of any
kind, having computer-executable instructions can be
adapted to cause a computer system to perform operations of
methods described herein. A communication system can
include at least one device as described herein.

A system can include means for determining a deteriora-
tion of a connection between the device and a decentralized
unit during an initialization of the connection. The system can
also include means for disabling the connection based on the
deterioration.

Implementations and/or embodiments are shown and illus-
trated with reference to the drawings. The drawings serve to
illustrate the basic principle, so that only aspects necessary
for understanding the basic principle are illustrated. The
drawings are not to scale. In the drawings the same reference
characters denote like features.

FIG. 4 shows a diagram illustrating several capacitances that
may be subject to a MELT capacitance measurement;

FIG. 5 shows a flow chart of steps for determining a deterio-
ration of a connection, e.g., an interrupted wire.

A central entity may be a DSLAM, a central office (CO)
and/or a cabinet. The DSLLAM may in particular be deployed
with the central office or the cabinet. The central entity may
be connected to several de-centralized entities, e.g., CPEs.
The central entity may hereinafter be referred to as DSLAM,
but the approach described may be applicable to other cen-
tralized entities as well.

The central entity may comprise at least one line card,
wherein each line card may provide connectivity to at least
one of the de-centralized entities. For example, a DSLAM
may be connected to several CPEs, wherein each connection
(also referred to as “line””) may comprise two wires (or a pair
of'wires). Several wires may be part of a cable or cable binder.
Hence, adjacent connection may interfere with each other,
because their wires are arranged in vicinity to each other.

The approach presented in particular allows detecting an
interrupted wire (i.e. an interrupted connection or line) after
or during re-initialization, e.g., during or directly after enter-
ing the Showtime state, of the line with the interrupted wire.
When the affected DSL line with a single wire interruption
loses its Showtime state, it may re-initialize thereby utilizing
a capacitive coupling effect to adjacent cable pairs. This
capacitive coupling may be detected via known, in particular
standardized, DSL test parameters.

For example, it may be determined that an attenuation of
the lines at low frequencies is higher due to the capacitive
coupling with adjacent wires. In case a line card has an
integrated MELT (Metallic Line Testing) functionality, this
MELT feature may be used to measure the capacitance of the
line. The capacitive coupling of a defective line results in a
reduced capacitance. When an interruption of a wire is
detected, the line can be shut down before a reconnection
attempt is performed. Hence, the line is shut down and may
thus not disturb other connections, in particular those connec-
tions of the same vectoring group.
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The approach described herein in particular allows detect-
ing a single wire interruption (e.g., based on a higher attenu-
ation) during initialization.

In principle itis possible to detect a positive slope of a loop
attenuation in a lower frequency range as an indication of a
single wire interruption. However, such values may not be
available in the system immediately after its initialization. As
a potential interruption of a wire is determined during each
initialization, this can generate a significant amount of system
load especially during a system start-up when hundreds of
lines are being starting in parallel.

Hence, advantageously, other test parameters may be used
for detecting such interruption. For example, such detection
may be based on any xDSL test parameter that provides
information (values) about attenuation in different frequency
bands, e.g.,

a line attenuation per band (LATN);

a signal attenuation per band (SATN);

an estimated upstream power back-off electrical length

(UPBOKLE).

A suitable approach to detect the interruption of a wire may
exemplarily be achieved by comparing the LATN value for a
first upstream band (USO) with an electrical length (UP-
BOKLE) value measured by a VDSL Transceiver Unit at the
Optical Network Unit (VTU-O), i.e. an UPBOKLE(VTUO)
value. The upstream band USO may have the lowest attenua-
tion of all bands due to its low frequency range (e.g., 0-276
kHz). In case of no wire interruption, the attenuation should
be lower than in other bands. A suitable value for comparison
is the UPBOKLE value, because it refers to the estimated
electrical length expressed in dB at 1 MHz.

In a usual system, UPBOKLE is larger than LATN(USO).

Advantageously, a single frequency at 1 MHz can be used
to estimate the electrical length. Also, it is possible to use a
frequency range, e.g., above 1 MHz to estimate the electrical
length at 1 MHz by (at least partially) compensating the
frequency-dependency of the attenuation.

Therefore, a single wire interruption may be detected via
the following condition:

LATN(US0)>UPBOKLE(VTUO)*Xp+X,,

wherein

X, is a tuning parameter to modify the threshold of the

detection; and

X, represents a factor between two attenuations (repre-

senting a difference in attenuation between the consid-
ered frequency ranges).

An attenuation of an xDSL subscriber-loop under normal
condition may be approximately proportional to the square
root of the frequency in MHz (e.g., insertion loss in dB at 207
kHz is about 0.455 of the value at 1 MHz). The difference X,
could also be used to change the sensitivity of the detection
dependent on the loop length or to correct hardware impair-
ments.

This detection of a single wire interruption may be con-
ducted during or after each initialization. It may be based on
standard compliant test parameters that may be available in
the system. The parameters utilized may preferably be
exchanged during initialization and may be evaluated directly
at the beginning of the Showtime stage or even earlier. Addi-
tional steps may optionally be considered in order to decide
whether or not to disable a port. For example, a second crite-
rion can be used to reaffirm the existence of a single wire
interruption. Available loop-test functionalities can be used
for this purpose.

For example, existing xDSL systems have often integrated
loop test functionality known as Metallic Line Testing
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10
(MELT based on G.996.2). MELT in particular allows mea-
suring of voltages, currents, resistances and capacitances.

FIG. 4 shows a diagram illustrating several capacitances
that may be subject to a MELT capacitance measurement.
Hence, a MELT equipment allows measuring three capaci-
tance values from the DSLAM for every DSL line:

Capacitance between a wire and ground: C__;

Capacitance between a wire and b wire: C,,;

Capacitance between a wire and ground: C, .

In a system that works correctly each line has a certain
capacitance value C,, between its a wire and its b wire. If a
single wire is interrupted, the capacitance C_, will be reduced
significantly due to the capacitance of the capacitive coupling
that is in series with the capacitance of the CPE and/or the line
termination. Therefore, one way to detect a broken wire is to
measure the capacitance C,,, and to compare it with a capaci-
tance C,,' measured during each initialization. A single wire
defect can be determined in case

.
Coap"<<Cppr

Such comparison requires that the reference value for the
capacitance C_, is measured and stored in advance for each
line. This may result in a significant effort and adds complex-
ity to the system.

As an alternative, the capacitance of the cable may be
determined (approximated) by:

Copp=X*max(C,,, Cy,),

a

wherein X, is a cable-dependent factor. During normal opera-
tion, the measured capacitance may always be larger than the
capacitance C,,;. Therefore, a single wire defect can be
detected if the following condition applies:

Cop<Xp*max(C,,,Cp)+Xc,

wherein X is an optional tuning parameter to modify the
sensitivity of the detection.

In other cases, e.g. in case of an interruption in the middle
of'a long and large cable binder, the above mentioned condi-
tion may not reveal an interruption of a wire correctly,
because of strong capacitive coupling effects. However, if the
interruption is at a significant distance from the CPE, both
wires are of different length. Therefore, the capacitance to
earth is also different. This asymmetry can be detected by
comparing the capacitance C,, with the capacitance C,,.
Hence, the detection criterion can be modified as follows:

C, <X, *max(C,,,C,,)*max(C,, Cy.)min(C,,, Cy )+
-

The combination of the two detection mechanisms can
provide several advantages. First, the detection can be made
more reliable. Second, the resources to perform capacitance
measurements are limited, because usually measurements
can be conducted on all ports of a line card but not at the same
time in parallel. Therefore, advantageously the capacitance
measurements are performed only in case the attenuation
based detection has already been indicated that a wire may be
defective.

As another option or alternative, the detection may be
based on a weighted sum of both criteria, i.e.

w,*(LATN(US0)-UPBOKLE(VTUOY* X5, 4.X, J+-+
w (X *max(Cop, Co )+ X = Cop)> T,
wherein w, is a weighting factor for the attenuation-based
criterion and w, is a weighting factor for the capacitance-
based criterion. A single wire fault is detected in case this sum
exceeds a predetermined threshold T.
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As an alternative, the detection may be based on a weighted
sum of both criteria utilizing also the asymmetry detection
described above, i.e.

w,*(LATN(US0)-UPBOKLE(VTUOY X, +.X /) ++
w (X, *max(C,,, C,,)*max(C,,,C,.)/min(C,,,
Cpet X~ Cop)>T

The evaluation of this combined detection may only be
performed in case the attenuation based criteria was trig-
gered. The tuning parameters X, and X ' may be different
form each other or they may be the same. Also, the parameters
X, and X, may be different from each other or they may be
the same.

In case a single wire defect is detected, actions can be
initiated to ensure that the affected line does not disturb other
lines of a vectoring group: First, the defective line may be shut
down. Next, the defective line may be locked such that it
cannot be initialized when still being defective. As an option
or alternative, the defective line may be initialized in a fall-
back mode that limits a spectrum usage to a frequency range
(e.g., 2.2 MHz in ADSL.2plus) and/or to a lower power spec-
tral density (PSD) level that ensures that the other lines of the
vectoring group are not (or not significantly) disturbed by a
reconnection of the defective line.

The defective connection may be re-initialized after it has
been repaired. The connection can thus be manually be reac-
tivated (e.g., unlocked). It is also an option that a retry-timer
is used to re-initialize a disabled line: after a predetermined
amount of time, a re-initialization is conducted which may
indicate that the line is still defective or it may be initialized.
The retry-timer may supply constant time intervals or it may
provide, e.g., exponentially growing back-off times: Starting
with 30 s, 1 min, 2 min, 5 min, etc.

FIG. 5 shows a flow chart of steps for determining a dete-
rioration of a connection, e.g., an interrupted wire. In a step
501 afirst criterion of deterioration is determined (which may
correspond to the attenuation described above). In a step 502
it is checked whether this first criterion is fulfilled, in the
affirmative, a second criterion of deterioration of the connec-
tion is determined in a step 503. If this second criterion is
fulfilled (see step 504), the connection is disabled, e.g., shut
down and/or locked. If step 502 or step 504 reveal that the
respective criterion is not fulfilled, a Showtime state is
entered in a step 506 is. If the second criterion is fulfilled, the
connectionis disabled in a step 505 by, e.g., shutting down the
connection and/or locking the connection. After step 505 a
step 507 is entered, wherein a manual reset (e.g., pursuant to
a broken wire being repaired) is conducted and/or a predeter-
mined amount of (constant or varying) time is waited until it
is branched to step 501.

Although various embodiments of the invention have been
disclosed, it will be apparent to those skilled in the art that
various changes and modifications can be made which will
achieve some of the advantages of the invention without
departing from the spirit and scope of the invention. [t will be
obvious to those reasonably skilled in the art that other com-
ponents performing the same functions may be suitably sub-
stituted. It should be mentioned that features explained with
reference to a specific figure may be combined with features
of other figures, even in those cases in which this has not
explicitly been mentioned. Further, the methods of the inven-
tion may be achieved in either all software implementations,
using the appropriate processor instructions, or in hybrid
implementations that utilize a combination of hardware logic
and software logic to achieve the same results. Such modifi-
cations to the inventive concept are intended to be covered by
the appended claims.
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LIST OF ABBREVIATIONS

ADSL Asynchronous Digital Subscriber Line

CO Central Office

CPE Customer Premises Equipment

DSL Digital Subscriber Line

DSLAM DSL Access Multiplexer

LATN Line Attenuation

MELT Metallic Line Testing

PSD Power Spectral Density

RFI Radio Frequency Interference

SATN Signal Attenuation

UPBOKLE Estimated Upstream Power Back-Off Electrical
length

VTU VDSL Transceiver Unit

VTU-O VTU at the Optical Network Unit (or central office,
exchange, cabinet, etc., i.e., operator end of the loop)

VTU-R VTU at the Remote site (i.e., subscriber end of the

loop)

The invention claimed is:

1. A method for data processing in a digital subscriber line
environment, the method comprising the steps:

initializing an operational connection over a wire pair that

is connected between a centralized unit and a decentral-
ized unit;

during a subsequent initialization of a connection on the

wire pair, determining that an intermittent single wire
interruption exists in the wire pair based on differences
between initialization parameters obtained during the
subsequent initialization and one or more previous ini-
tializations;

disabling the connection on the wire pair based on the

determination that the intermittent single wire interrup-
tion exists in the wire pair.

2. The method according to claim 1, wherein determining
that the intermittent single wire interruption exists comprises
determining that intermittent capacitive coupling between the
single wire of the wire pair with another wire pair has
occurred based on changes to capacitance measurements over
multiple initializations of the connection on the wire pair.

3. The method according to claim 1, comprising:

determining that the connection is being initialized on a

wire pair experiencing an intermittent single wire inter-
ruption based on an information about changes to an
attenuation in a given frequency band over multiple
initializations of the connection on the wire pair.

4. The method according to claim 3, wherein the informa-
tion about changes to the attenuation is provided by measure-
ments of at least one of the following parameters during
initialization:

a line attenuation per band;

a signal attenuation per band; and

an estimated upstream power back-off electrical length.

5. The method according to claim 4, further comprising:

determining a deterioration of the connection by compar-

ing a value of the line attenuation per band with an
electrical length value and by comparing the attenua-
tions of two bands.

6. The method according to claim 5, comprising:

determining that the deterioration of the connection exists

when the following first criterion is fulfilled:

LATN(US0)>UPBOKLE(VTUO)*X X,

wherein
LATN(USO) is a line attenuation for the first upstream band
USso;
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UPBOKLE(VTUO) is an estimated upstream power back-
off electrical length value measured by a VDSL Trans-
ceiver Unit at the Optical Network Unit (VTU-O);

X, is a tuning parameter to modify the threshold of the

detection; and

X, represents a factor between two attenuations.

7. The method according to claim 5, comprising:

determining the deterioration of the connection based on a

loop testing functionality.

8. The method according to claim 7, wherein the testing
functionality comprises a line testing functionality determin-
ing at least one capacitance value for the connection.

9. The method according to claim 8, comprising:

determining that the deterioration of the connection exists

when the following second criterion is fulfilled:

Cap<Xp*max(Cp,, Cpo)+X e,

wherein

C,, 1s a capacitance between a wire a and a wire b of the
connection;

X; is a cable-dependent factor;

C,. 1s a capacitance between the wire a and earth;

C,. is a capacitance between the wire b and earth.

10. The method according to claim 8, comprising:

determining that the deterioration of the connection exists
when the following second criterion is fulfilled:

Cp <Xy *max(C,,, Cp,)*max(C,,, Cp.)min(C,,, Cp.)+
XC
wherein
C,, 1s a capacitance between a wire a and a wire b of the
connection;
X; is a cable-dependent factor;
C,. 1s a capacitance between the wire a and earth;
C,. 1s a capacitance between the wire b and earth; and
X ~is an optional tuning parameter to modify the sensitivity
of the detection.
11. The method according to claim 5, comprising:
determining the deterioration of the connection based on
information about the attenuation and based on a line
testing functionality determining at least one capaci-
tance of the connection by comparing a weighted sum
with a predetermined threshold as follows:
w,*(LATN(US0)-UPBOKLE(VTUOY*Xp X, ) ++w,*
A max(Co,, Cp )X~ Cp)> T,

and/or

w,*(LATN(US0)-UPBOKLE(VTUOY*Xp X, ) ++w,*
(X *max(C,, Cp)*max(Cop, Cpo)min(Co,, Cp,)
Xe=Cop)>T,
wherein
w,, is a weighting factor for the attenuation-based criterion;
w, is a weighting factor for the capacitance-based criterion;
T is the predetermined threshold;
LATN(USO) is a line attenuation for the first upstream band
US0;
UPBOKLE(VTUO) is an estimated upstream power back-
off electrical length value measured by a VDSL Trans-
ceiver Unit at the Optical Network Unit (VTU-O);
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X ,' is a tuning parameter to modify the threshold of the

detection;

X, represents a factor between two attenuations;

C,, a capacitance between a wire a and a wire b of the

connection;

X, a cable-dependent factor;

C,. a capacitance between the wire a and earth;

C,. a capacitance between the wire b and earth; and

X ~is anoptional tuning parameter to modify the sensitivity

of the detection.

12. The method according to claim 5 comprising:

determining the deterioration via a first criterion and a

second criterion, wherein the first criterion is deter-
mined based on a parameter available during initializa-
tion and wherein the second criterion is determined if the
first criterion is fulfilled; and

disabling the connection in case the first criterion and the

second criterion are fulfilled.

13. The method according to claim 12, wherein the first
criterion is based on an attenuation provided by at least one of
the following parameters:

a line attenuation per band;

a signal attenuation per band; and

an estimated upstream power back-off electrical length.

14. The method according to claim 12, wherein the second
criterion is based on a loop testing functionality that provides
at least one capacitance value for the connection, wherein the
loop testing functionality is initiated by the centralized unit.

15. The method according to claim 1, wherein disabling the
connection comprises shutting down the connection and/or
locking the connection.

16. The method according to claim 1, wherein disabling the
connection comprises entering a fallback mode for the con-
nection, in particular with regard to a predefined frequency
range and/or a predefined power spectral density.

17. A telecommunications network transceiver in a digital
subscriber line environment comprising a vectoring unit and
a processing unit that is arranged

for initializing an operational connection over a wire pair

thatis connected between a centralized unit and a decen-
tralized unit;

during a subsequent initialization of a connection on the

wire pair, determining that an intermittent single wire
interruption exists in the wire pair based on differences
between initialization parameters obtained during the
subsequent initialization and one or more previous ini-
tializations;

for disabling the connection on the wire pair based on the

determination that the intermittent single wire interrup-
tion exists in the wire pair.

18. The device according to claim 17, wherein the device is
a DSLAM or a central office.

19. The device according to claim 17, wherein determining
that the intermittent single wire interruption exists comprises
determining that intermittent capacitive coupling between the
single wire of the wire pair with another wire pair has
occurred based on changes to capacitance measurements over
multiple initializations of the connection on the wire pair.
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